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This report discusses the development of a suggested
program of instruction for operators of a Field Shower
Wastewater Recycling System (FSWRS)-a system designed
to recycle water used in showers in the field. The FSWRS
will be used by forces deployed to Theaters of Operations
located in water-short areas of the world, and will greatly
reduce water supply costs. This report also identifies water
quality test requirements and procedures to be used when
recycling shower wastewater, and examines the health im.
plications associated with water recycled by FSWRS.

A 40-hour training course will be sufficient to properly
train a Bath Specialist in FSWRS operations. These opera.
tions will emphasize water treatment procedures and water
sampling and testing. Analysis of field needs indicated that
water quality testing can be limited to measurements of __z7
pH, turbidity, and residual chlorine and that these measure-

, ments can be made with relatively unsophisticated equip-
me~nt.

It was found that most constituents of shower waste-
water that could pose health hazards will be removed dur-

LLJ ing FSWRS recycling operations. However, basic procedures
j hould be followed, such as avoiding ingestion of recycled

shower waters and ensuring that FSWRS operators take
' A appropriate precautions in handling sulfuric acid and un-

. treat.d waters. Although no health hazards are anticipated
to result from components such as soaps and shampoos,
there is concern about the hazard potential of volatile
organic compounds, heavy metals, chlorinated compounds,
and chlorination byproducts. The most likely anticipated
health effects would be dermal or eye irritations.
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,It was found that most constituents of shower wastewater that could pose health

hazards will be removed during FSWRS recycling operations. However, basic procedures

should be followed, such as avoiding ingestion of recycled shower waters and ensuring
that FSWRS operators take appropriate precautions in handling sulfuric acid and
untreated waters. Although no health hazards are anticipated to result from components

such as 6oaps and shampoos, there is concern about the hazard potential of volatile

organic compounds, heavy metals, chlorinated compounds, and chlorination byproducts.
The most likely anticipated health effects would be dermal or eye irritations.
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THE FIELD SHOWER WASTEWATER RECYCLING SYSTEM: DEVELOPMENT
* OF A PROGRAM OF INSTRUCTION AND PRELIMINARY ANALYSIS OF ITS

POTENTIAL HEALTH IMPLICATIONS

I INTRODUCTION

Background

Since World War I, U.S. military operations have traditionally occurred in areas
with plentiful fresh water, such as Europe and Southeast Asia. Thus, little attention was

given to the availability of water supplies or sources, and especially to the need to
regulate water use under field conditions. Now, however, arid regions such as the Middle
East are among the likely candidates for deployment of forces. Since providing water to
a military force operating in hot desert regions or water-short areas of the world is
expected to be a major logistics effort, the military has directed more attention to water
resource management. Water conservation, recycling, and reuse are some of the water

* . management options being examined. Two of the largest water demands are for
laundries and showers, both of which offer opportunities for recycling.

Recycling can save large amounts of water over conventional practices,
particularly in water-short areas. The amount of water saved may permit troops and
vehicles otherwise committed to water supply to be used elsewhere in the Theater of

Operations. Recycling could also provide fuel savings and reduce other costs for water
supply. The concept of recycling wastewater from showers with a simple batch system
was first described in 1981.1 Further research by the U.S. Army Construction

..,, Engineering Research Laboratory (USA-CERL) and the Virginia Military Institute (VMI)
resulted in the Field Laundry Wastewater Recycling System (FLWRS) and the Field
Shower Wastewater Recycling System (FSWRS). Laboratory and field testing of these
systems are described in other publications.2

Before FSWRS can be used in the Theater of Operations, the military must first
develop a set of instructions and tests for personnel who will operate the system in the
field and also ensure that no health hazards are associated with use of the recycled

shower water.
.-- 4'

Operation of the FSWRS involves manually adding sulfuric acid, powdered acti--4

vated carbon (PAC), and cationic and anionic polyelectrolytes to wastewater collected
from showers. The sulfuric acid adjusts the wastewater pH and thereby enhances

'4.

Mathematical Modeling for Evaluation of Field Water Supply Alternatives (Arid and
Semi-Arid Regions) (Virginia Military Institute Research Laboratory, January 1981).
J. T. Bandy, et al., Development of a Field Laundry Wastewater Recycling System,
Technical Report N-86/08/ADA169585 (U.S. Army Construction Engineering Research
Laboratory [USA-CERLI, 1986); R. J. Scholze, et al., Testing of a Field Laundry
Wastewater Recycling System Technical Report N-87/01/AJ74744 (USA-CERL, 1986);
R. J. Scholze, ct al., Full-Scale Test Program for a Shower Wastewater Recycling
SNstem: Technical Evaluation, Technical Report N-87/06 (USA-CERL, 1987).
J. T. Bandy, et al.; R. J. Scholze, et al., Testing of a Field Laundry Wastewater Recycl-
ing System; R. J. Scholze, et al., Full-Scale Test Program for a Shower Wastewater
Recycling System: Technical Evaluation.
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formation of floe-containing carbon and dirt, which accelerates settling of particles
containing the adsorbed contaminants. Filtration by diatomaceous earth and disinfection
with chlorine complete the treatment process. Figure I shows the basic configuration;
further information on equipment operation and setup are provided in Appendices A, B,
and C.

Objective

The objectives of this study were:

1. To develop a suggested program of instruction for operators of a FSWRS.

2. To identify the water quality test requirements, materials, and procedures to be

used when recycling field shower wastewater.

3. To make a preliminary determination of the potential health implications
associated with recycled shower wastewater after treatment by coagulation, filtration,
and disinfection.

*Approach

A suggested Program of Instruction (P01) for military operators was developed
based on a "Task and Skill Analysis" of the deployment, operation, disassembly, and
repacking of the proposed hardware system. The Task and Skill Analysis was performed
in accordance with Army Regulation (AR) 611-101, AR 611-112, and AR 611-201.'

The data developed during the operational testing of the FSWRS" were analyzed to
-_-- identify essential water quality tests the operator must perform to ensure optimum
* - operating efficiency. The capabilities of the various components of the Water Quality

.- Analysis Kit--Preventive Medicine were then examined to select the most appropriate
*test eouipment for operator use.

Potential hazards associated with field use of the FSWRS were evaluated, and
literature describing the health implications of chemicals expected to occur in shower

V wastewater was reviewed. This information was used to identify potential areas of
health concern.

Mode of Technology Transfer

It is recommended that following review and approval of the FSWRS coneepi hw %the
"tfice or the Surgeon General, Department of the Army Field Manuals 29-147, Supplv
and Service, Direct Support, and 29-114, Field Service Company, General Support, be

a11 :,mended to include guidame in the use of the FSWRS. Also, it is recommended that a
Technical Manual providing operating instructions for FSWRS use be written.

\rmv Regulation (AR) 611-101, Commissioned Officer Specialty Classification S'ystem
(Dopartment of the Army [DA], 30 October 1984); AR 611-12, Manual of Warrant
Officer Military Occupational Specialties (DA, 30 October 1984); AR 611-201, Enlisted
kanagement lielcLs and Military Occupational Specialties (DA, 30 June 1985).
R. ,J. Scholze, et al., Full-Scale Test Program for a Shower Wastewater Recycling
System: Technical Evaluation.
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2 DEVELOPMENT OF A PROGRAM OF INSTRUCTION

A typical Bath Team, which is normally attached to a Field Service Company
(General Support), consists of a Team Chief and two Bath Specialists (Appendix C). This
level of staffing permits a bath facility to operate 10 hours per day, 7 days per week.
One Bath Specialist is designated as driver of the cargo truck and trailer assigned to the
Bath Section.

A preliminary P() was developed for Bath Specialists based on a Task and Skill
Analysis (Appendix B) of the proposed field version of the shower and recycling system
shown in Figure 1.

The Task and Skill Analysis was performed in accordance with Army Regulations
611-101, 611-112, and 611-201. The analysis indicated that two members of the Bath
Team would be required to deploy and disassemble the FSWRS. However, only one
enlisted person would be needed part-time to operate the system during a normal 10-hour
shift. After the Office of the Surgeon General (OTSG) approves the system, the U.S.
Army Training and Doctrine Command will determine whether it would be possible to
have one member of the team operate a FSWRS in addition to normally assignd duties or

S-whether the team must be augmented with additional personnel.

The Task and Skill Analysis in Appendix B frequently refers to a hypothetical
Technical Manual on operating and maintaining the FSWRS. If the Army approves the
FSWRS for troop use, such a document should be written.

Appendix A presents the suggested POI for enlisted personnel attending Advanced
Individual Training for the MOS 57E, Bath Specialist. The primary focus of the
instruction is on treatment procedures and water sampling and testing. Sixty-five
percent of the 40 hours indicated in the POI would be devoted to Lead-Through Practical
Exercises to ensure proficiency in measuring the proper amounts of chemicals, operation
of the diatomaceous filter, and water sampling/testing procedures. Since students will
have already become familiar with much of the equipment during classes on the
deployment and operation of shower equipment, a relatively small amount of time is
allotted to installation and disassembly of the system.

10
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3 WATER QUALITY MONITORING

In previous research, the wastewater trertment techniques designed for the FSWRS
were tested under laboratory conditions to validate their effectiveness." A comprehen-
sive battery of tests was performed to evaluate water quality during treatment.
fHowever, when a FSWRS is deployed under field conditions, the operator has neither the

' . time nor the equipment to conduct similar extensive water quality testing. An evalua-
tion of the laboratory shower test data revealed which tests could be performed readily
in the field, and at the same time provide enough information to allow an operator to
make operational changes to the treatment process when necessary.

The system's viability in the field hinges on whether the treatment process is
providing -cyclable water of appropriate quality, and the operator must know where to
make acijustments when quality is not adequate. The operator can readily determine the
degree of water quality by performing four simple sampling and testing procedures: two
p1l measurements, a residual chlorine measurement, and a turbidity evaluation.
(Although care should be taken during these measurements, it is not necessary or possible
to conduct tests with laboratory precision under field conditions.)

To supplement water quality test results, an operator must also observe various
aspects of the treatment process described below. These observations will provide a

A; basis for adjusting the amount of chemicals to improve both system operating efficiency
and output water quality.

Water Sampling and Testing

The following sections describe the sampling and testing procedures to be
performed by a Bath Specialist who operates a FSWRS. The equipment required is
relatively unsophisticated water sampling and water quality testing equipment.

pH

Two separate pH measurements should be performed on each 500 gal* of shower
wastewater being treated. The first is done with pH paper and involves measuring and
adjusting, if necessary, the wastewater pH to ensure it is between 6.0 and 8.0 before
starting the treatment process. In most cases, the colorimetric reading will indicate an
alkaline condition because of the soap, dirt, and body salts from perspiration in the

* shower water discharge. Under these conditions, the operator incrementally adds acid
(e.g.., sulfuric acid) to the tank to reduce the pH to a neutral range (6.0 to 8.0), at which
optimii floe is formed once the polymers and carbon are added. However, if the pH is
lss than 6.0, sodium carbonate (soda ash) must be added. Upon startup, several pH
-. 'mc.s may be needed before the proper amount of acid can be determined.
Theraftcr, only a single reading may be needed to verify that conditions have not

POP ehnfrlged.
Fe oh ,-re I

The second Fl test, which is made on the filtered water, uses a standard color
.om.Dritor equipped with p1f discs. This is a more accurate measurement method than

1?. .1. Scholze, et i!., Full-Scale Test Program for a Shower Wastewater Recycling
"vsterm: !echnical Evaluation.

.Metri oconversion factors are provided on p 33.

F.:, 11
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pH paper and is more appropriate for testing clean treated water, which must be in the
pH range of 6.5 to 7.5 to meet OTSG standards 7 (Table 1) for direct reuse of shower
wastewater for bathing. Final standards are currently being developed.

Chlorine

Treated water must be adequately disinfected before being recycled through the
shower facility. Disinfection is done by adding calcium hypochlorite--a chemical

. available from the Army supply system.

After the calcium hypochlorite is added manually to the storage tank and
thoroughly mixed with the water during the filling process, the amount of free residual
chlorine is measured in the treated water storage tank. Chlorine tests are performed

, using a standard color comparator equipped with chlorine disks and N,N-diethyl-p-
" phenylenediamine (DPD) tablets.

Furbidity

Turbidity of the treated water should be measured to verify that it is less than 5
nephelometric turbidity units (NTU), as set forth in OTSG's Interim Water Quality
Standards. A precise measurement is not required for FSWRS; therefore, use of a simple
turbidimeter to determine the relative clarity of a water sample is proposed. The device
recommended (see Figure 2) is currently issued with the U.S. Army's 600-gph reverse
osmosis water purification unit (ROWPU) for measuring turbidity of treated water. A
soldier needs only a little experience in using this device to estimate whether a 1000-mL
sample of water is less or greater than 5 turbidity units.

Operational Monitoring

A Bath Specialist must periodically observe the amount of soap lather generated by
bathers to assess the quality of the water being provided. Insufficient lather occurs when
the wastewater has been treated a number of times, causing the calcium hardness level
to build up. When this occurs, the FSWRS operator should be prepared to stop further
recycling and recharge the system with fresh water.

Suspended solids normally settle quickly in the wastewater after the activated

carbon and polymers are added. If settling does not occur, the operator must judge,

based on visual observation, whether the wastewater has been neutralized or whether the
prescribed amounts of each type of polymer need to be adjusted.

Water Quality Test Equipment

The Army has two Water Quality Analysis Sets (WQAS): one used by operators of
water purification units (WQAS-Engineer) and the other by preventive medicine teams

*(WQAS-Preventive Medicine). These water test kits, which include the necessary reagent
chemicals, are packaged in rugged, watertight cases. Each set weighs about 55 lb,
contains about 4.5 cu ft, and costs more than $1000.

'Interim Water Quality Standards (Office of the Surgeon General, 30 October 1980).

12
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Table 1

Interim Water Quality Standards
for Direct Reuse of Shower Wastewater

(From: Letter, Department of the Army, Office of the Surgeon General
[DASG-PSP-EI, Subject: Interim Water Quality Criteria for
Shower and Laundry Reuse/Recycling [30 October 19801.)

Parameter Limits

pH 6.5 to 7.5

Turbidity < 1 turbidity unit desirable
<5 turbidity units permissible

Free available chlorine 5 mg/L > 20 0 C

10 mg/L > 20 0 C

Soap hardness Adequate sudsing

250C
ML

'-1000-

WHITE30 "BULLS-EYE

BLACK DISC

TURBIDITY TUBE

Figure 2. Field turbidimeter.

13
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The WQAS-Engineer kit is designed to provide on-site information for determining
the type of water purification equipment required, monitoring the equipment operation
when installed, and detecting contamination of the water by chemicals.

The main components of the set are:

Alkalinity Test Kit
Turbidity Test Kit
Sulfate Test Kit
pH Chlorine/Residual Test Kit
Hardness Test Kit
Color Test Kit
Low-Range Chloride Test Kit
Conductivity Meter
Water Testing Kit for Chemical Agents AN-M2
Refill Kit, Chemical Detector, V-G, ABC-M30
Supporting Labware and Reagents
The WQAS-Preventive Medicine Kit is designed for on-site monitoring of the

quality of raw water sources, wastewater effluents, and drinking water produced.

The main components of the set are:

Acidity Test Kit
High-Range Chloride Test Kit
Iron Test Kit
Dissolved Oxygen Test Kit
Zinc Test Kit
Multi-Purpose Spectrophotometer

Fluoride
Nitrogen, Ammonia
Ferrous Iron
Ferric Iron

The U.S. Army Belvoir Research and Development Center is currently developing
water quality analysis sets to replace the two described above. However, both the old
and new sets contain more test kits and equipment than necessary to monitor shower
recycling operations. In lieu of standard-issue WQAS, it is recommended that only the

. test equipment discussed in the section on Water Sampling and Testing and listed below
*be provided to a Bath Team:

o pH paper, range 6.0 to 8.0

* Color comparator with pil and chlorine disks

o Turbidity tube.

A water quality analysis set containing these components should be relatively
inexpensive (less than $100). More important, the simplicity of these items will enable a
Bath Specialist to learn how to use them quickly and develop confidence in his/her ability
to control the recycling process.

14



4 HEALTH IMPLICATIONS OF RECYCLING SHOWER WASTEWATER

Background

Where surface water is plentiful, as it is throughout the temperate zone, common
practice is for military bath units to deploy portable bath (shower) equipment adjacent to
a clean, nonpotable source of water and to use it without any treatment except heating.
However, any time there are questions about the water's acceptability for use in showers,
Army Preventive Medicine personnel are usually requested to evaluate the suitability of
the source prior to its use. This was the typical scenario used by U.S. Army forces in the
European, Korean, and Viet Nam Theaters.

Recycling shower water in areas such as those described above is not necessary and
is not being considered. However, where surface sources of fresh water are scarce or
nonexistent, as in hot desert regions, and where any fresh water would have to be
produced from seawater or brackish waters, recycling shower water reduces costs for
water, transportation, and fuel. It is in this context that shower water recycling is being
evaluated. The Army currently limits bathing in a desert area to one or two showers per
week. Furthermore, the amount of water used is controlled by using low-flow shower
heads and by limiting a bather to a 3-minute shower. Consequently, the health

* implications of military personnel bathing in recycled water are evaluated here on the
basis of relatively short exposure to shower water constituents. Also, tours of duty in
hot desert areas would probably inot exceed 12 months, which would limit exposure to
recycled shower water.

The Office of the Surgeon General of the Army has considered the possibility for
direct reuse of shower water in hot desert areas. The interim water quality standards for
direct reuse of shower wastewater listed in Table 1 have been provided as initial
guidance for agencies evaluating recycling technologies. It should also be noted that
field water criteria are being revised for a large number of constituents by the U.S.
Army Medical Bioengineering Research and Development Laboratory (USAMBRDL) and
the Lawrence Livermore Laboratories. Their work will be incorporated in the final
review of health effects, which will also include the contribution of the National
Research Council's review and evaluation of health effects. It must also be noted that
both the OTSG and the Water Resources Management Action Group (WRMAG) have taken
the position recycle will not occur in a Nuclear, Biological, and Chemical (NBC) environ-
ment.

There is very little published information describing the occurrence and probable
* ~,health effects of specific chemicals in shower wastewater. Much of the available

information surveyed for this study is limited, in that specific toxicological evaluations
(f most potential shower wastewater constituents have not been conducted. Also, most
published lists describing shower wastewater constituents provide only generalized
approximations of what is likely to occur. These approximations are often based on
theoretical considerations rather than actual test data.

For this study, the discussion of health implications associated with recycling
shower wastewater using the FSWRS considers the following topics:

9 Exposure

* Theoretical dermal risks

15
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o Theoretical chemical composition of shower wastewater

o FSWRS purification potential.

Exposure

A worst-case evaluation of the potential adverse health effects resulting from field
use of recycled shower water assumes that some contaminants remain suspended or
solubilized in the shower water following treatment and disinfection. The following
discussions of exposure are strictly theoretical and are based on this assumption. It
should be noted that no adverse health effects were observed during full-scale tests of
the FSWRS.

The primary health concern would be skin contact with chemicals remaining in the
shower water following treatment and disinfection. Direct contact with some solubilized
compounds could result in their being absorbed through the skin. This could cause skin
irritation or systemic adverse health effects (e.g., to the nervous system). Contaminants
that are not solubilizd or immediately absorbed may remain on the surface of the skin.
Delayed skin irritability or absorption of chemical deposits could occur during later
contact with moisture, such as perspiration, rain, immersion in a lake or stream, or
contact with wet ground. The pH of the moisture may also significantly affect a given
compound's actual absorption or solubility.

"' - The only anticipated risk due to inhalation exposure could result from volatile
organic compounds (VOCs) remaining in recycled shower water. When the water is
heated and sprayed through the shower head, the VOCs could vaporize and then be
inhaled. It should be noted that VOCs are generally only very slightly soluble in water
and are nonpolar. Thus, it is likely that only insignificant amounts of VOCs would escape
removal by the FSWRS. Most would be absorbed by the powdered activated carbon.

(Note: If VOCs are anticipated due to unusual field activities, an aeration step could be
added following the diatomaceous earth filter and prior to chlorination.)

* The specific chemicals present in the shower water during all phases of use or

treatment may vary; however, any VOCs would be of particular concern. Those with a
high vapor pressure or a high Henry's Law Constant would tend to leave the water phase
and enter the air. This vaporization would be accentuated when the water is turbulent or
agitated. These conditions may occur when the collected shower wastewater is
transferred to the large holding or treatment tank before coagulation, and also when
mixing is done during the coagulation step. This risk of respiratory exposure depends
entirely on the nature of the chemicals present in the shower wastewater. It is
anticipated that high vapor concentrations would be unlikely. Operating the FSWRS in a
well-ventilated or unenclosed area would tend to dissipate all but the densest vapors, and
preclude the use of protective breathing devices. However, the relative risk to FSWRS

operators can only be determineJ with respect to specific compounds.

Oral exposure to contaminants present in the recycled shower water is expected to
be minimal. The doctrinal effects of shower length (3 min), frequency (1/week), water
quality exposure (low-flow showerheads), and tour of duty (less than 12 months) will
minimize exposure to constituents. To minimize the possibility of direct ingestion of the
shower water, bathers should be warned against drinking the water. Chemical and/or
microbiological constituents may be present which, when concentrated by consumption of
large amounts of the water, can have an impairing effect on the individual. However,
these possibilities are considered to be unlikely, because filtration and chlorination
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should provide adequate disinfection for microbiological contaminants whereas the unit
processes address chemical concerns.

FSWRS operators have a different risk of chemical exposure than the general
shower field unit users. These operators would potentially have direct contact with the

S.' shower wastewater at all stages of treatment. However, the use of protective gloves and
boots would minimize any additional potential health hazard associated with such direct
contact. Also, use of protective equipment would prevent direct contact with the
sulfuric acid used for pH adjustment during water treatment. Direct contact with this
strong acid in its concentrated form can cause severe skin burns. The other water
treatment chemicals used do not have similar handling hazards.

Theoretical Dermal Risks

As described earlier, the primary route of exposure to potential contaminants in
the recycled shower water is through skin (dermal) contact. Information in the following
sections will be based on those principles and theories of toxicology that define the
potential risks of dermal exposure to contaminants in shower water. None of the
potential health problems discussed here were observed when the FSWRS was tested.
However, these health concerns could occur if sufficient contamination were
encountered in the field.

In evaluating the potential of recycled shower water to cause health problems, it is
important to note that response to exposure will be a function of the following factors:

o Concentration of individual chemicals in reused shower water

o Exposure time during each shower

o Duration and frequency of FSWRS use in the field.

Dermal Absorption

The skin protects the body from contaminants. Outer skin layers are made up of
compact, relatively impermeable epidermal cells; however, some compounds can still he
absorbed.- Different areas of the body have varying thicknesses of skin layers.
Furthermore, absorption is inversely related to the molecular weight of the contamninant
and directly related to the thickness of the epidermal layers. Consequently, since shower
water contacts virtually all body parts, the opportunity for absorption through the more
permeable tissues, such as the scrotum and scalp, is possible.

Absorption of chemicals throuigh the skin can be enhanved by the following
vonditions:

o Elevated temperatures (e.g., heated water)

o Injury to the skin surface

11. S. Brown, D. R. Bishop, and C.A. Rowan, "The Role of Skin Absorption as a Route of
Exposure for Volatile Organic Compounds (VoC's) in D~rinking Water," Am. .1. Pub.
Health, Vol 74, No. 5 (1984), pp 479-484.
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* Use of soaps or detergents

* Synergistic effects when several chemicals are present in the mixture.

It is anticipated that several or all of these conditions are likely to occur during
field use of a FSWRS unit. Thus, chemicals present in the recycled water may be
absorbed. It should again be noted that concentrations and exposure times would have to
be considered before potential adverse effects could be evaluated. (Estimates of
contaminant concentrations present during FSWRS use are discussed on pp 22-25.) Test
experience with the FSWRS indicates that absorption of chemicals through the skin will
probably not cause a significant health risk. 9

Skin and Eve Irritations

Repeated use of shower water containing contaminant chemicals may cause skin or
eye irritation. Contact dermatitis is the term generally used to describe such skin
irritations. The irritation may occur as redness, a rash, dry or flaking skin, or itching and
burning of the skin or eyes. The eyes are generally more vulnerable to irritation than the
skin, since the epithelial layer is thin and protected only by mucus. Eye irritation
resulting from shower water recycling could potentially be used as an indicator of
possible contamination or the need to evaluate the recycled water. Excess chlorination

• or pH imbalance may be the most likely causes of skin or eye irritation when using the
F 'WRS.

Burrows, et al. reported that concentrated synthetic shower water was found to
cause skin irritation in humans and eye irritation in rabbits. Table 2 lists shower
wastewater constituents that various authors have judged to pose a challenge to the
recycling concept. These compounds may remain in water even after treatment.
Although many of them can cause skin irritation, they probably will not at the
concentrations found in the recycled water. However, the actual removal of some of
these compounds with the FSWRS might be a subject for further investigation.

Some people who are sensitive to soaps and detergent may get skin irritations.
Synergistic interactions of soaps and detergents with components of recycled shower
water could aggravate this condition.

Allergic dermatitis, which generally is a more severe infection than contact
dermatitis, could also occur following exposure to contaminants in recycled shower
water. It occurs when the body produces specific antibodies against certain substances
i*,d develops an allergy to them. Once exposure has caused antibody synthesis, the
person is "sensitized." Each subsequent exposure to the substance causing the allergy
w'!V then cause dermal eruptions that often increase in severity with each episode. Many
;j,,,r. de,'*., e psuch a reaction to poison ivy or poison oak.

"'c 3 !ists compounds known to cause allergic dermatitis or dermal sensitization
• w . 'ound mn shower w;iter. Some of these compounds are also photosensitizers.

C' , Nith these compounds cause the skin to become more sensitive or irritated upon

.. Sehol/e, -t :1., Full-Scale Test Program for a Shower Wastewater Recycling
% tr,7: Po hic,,w~ al Evaluation.

W. I). Hurrows, S.A. Schaub, and B.W. Peterman, "Field Reuse of Army Laundry and
-h.e, Waters: fleilth Considerations," Water Reuse Symposium IIl, Vol 2 (1984), pp
973 932.
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Table 2

Persistent Shower Wastewater Constituents

Compound Cone-ntration (mg/L) Health Risk

Boric acid* ,* <0.2 Drying of skin

N.N-diethylene* , 1 to 15 Eye irritant

Ethanol* 15 to 85 -10% eye irritation, chlorination reactant

Glycerol** 1 to 3 Eye irritation at high concentrations

ltexachlorophene* ,* <0.2 Damage to the myelin sheath in the
central nervous system if plasma
concentration >1.2 mg/L

Isopropyl alcohol* 18 to 105 >10% eye irritation; chlorination
reactant

Isopropyl myristate* ,** <0.2 Ilyperketosis may develop with
continued use

Lactic acid* 5 Chlorination reactant

Oleic acid* ,* 16 to 50 Mild skin irritant

Propylene glycol* 0.3 Weak eye irritant; chlorination reactant

' Sodium carbonate* 450 Eye irritant (concentrated solution)

Sodium chloride* 60 to 80 Eye irritation (>l% solution)

Sodium tripolyphosphate** 5 to 11 Skin and eye irritant

Triethanolamine* , 1 to 5 Skin and eye irritant

Urea* I to 3 Chlorination reactant

*D. R. Cogley, W. Foy, W. G. Light, J. C. Eaton, and M. Mason, "Evaiuation of Health

Effects Data on the Reuse of Shower and Laundry Waters by Field Army Units," Pro-
ceedings Water Reuse Symposium, Vol 3 (1979a), pp 2252-2268.

**D. R. Cogley, W. Foy, W. G. Light, J. C. Eaton, and M. Mason, Evaluation of Health

Effects Data on the Reuse of Shower and Laundrv Waters by Field Army Units, Walden
Division of Abcor, U.S. Army Medical Research and Development Command
(USAMBRDL), Contract No. DAMD 17-78-C-8057 (USAMBRDL, April 1979b).
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Table 3

Compounds Causing Dermal Sensitization

Compound* Use**

Nickel Alloys such as stainless steel, alkaline
storage batteries, magnets

Protease Meat tenderizers, some detergents

Parabens Antimicrobials in food and drugs

Lanolin Ointments, soaps, sun lotions

Propylene glycol Antifreeze, solvents, hydraulic fluids,
sun lotions, brake and deicing fluids,
bactericide

Triethanolamine Dry cleaning solutions, soaps,
detergents, water repellent,
softening agent

Sorbic acid Fungicide, food preservative

Hexachlorophene Germicidal soap, veterinary medicine

Neomycin*** Antibacterial salves and creams

Benzocaine*** Topical anesthetics

*D. R. Cogley, W. Foy, W. G. Light, J. C. Eaton, and M. Mason, "Evaluation of Health

Effects Data on the Reuse of Shower and Laundry Waters by Field Army Units,"
Proceedings Water Reuse Symposium, Vol 3 (1979a), pp 2252-2268; D. R. Cogley, W.
Foy, W. G. Light, J. C. Eaton, and M. Mason, Evaluation of Health Effects Data on
the Reuse of Shower and Laundry Waters by Field Army Units, Walden Division of
Abcor, U.S. Army Medical Research and Development Command (USAMBRDL), Con-

4. tract No. DAMD 17-78-C-8057 (USAMBRDL, April 1979b).
***G. G. Hawley, ed., The Condensed Chemical Dictionary, 10th ed. (Van Nostrand Rein-

hold Co., 1981).
***S. D. Prystowski, A. M. Allen, R. W. Smith, J. H. Nonomura, R. B. Odom, and W. A.

Akers, "Allergic Contact Hypersensititity to Nickel, Neomycin, Ethylenediamine,
and Benzocaine," Arch. Dermatol, Vol 115 (1979), pp 959-962.
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exposure to sunlight. The occurrence and/or removal of the compounds listed in Table 3
with the FSWRS may warrant further investigation.

The minimal health risk potential from the use of recycled shower wastewater is
supported by the absence of any dermal irritations in bathers who participated in the
laboratory test program (see Figure 3). Each of the 19 people who signed affidavits
certifying their lack of dermal irritations took at least 25 showers in recycled water; this

* amount reflects about 55 percent of the showers taken during the test.

Skin Cancer

It is unlikely that contact with recycled shower water would cause epithelial cell
mutations leading to skin cancer. None of the chemicals judged likely to remain in
treated water have been epidemiologically associated with skin cancers. Also, standard
assays: - show concentrated synthetic shower water solids to be nonmutagenic.

Microbial infections

Recycled water of any type poses a potential disease risk if infectious
microorganisms survive the treatment. However, it is unlikely that any infectious
microorganisms will survive chlorination and diatomaceous earth filtration. One possible
exception could be some types of viruses. Laboratory results for coliform testing on
FSWRS water indicate that the system effectively eliminates bacterial populations of
concern. However, viruses, including adenovirus, reovirus, echovirus, poliovirus and
coxsackie virus A and B, have been found in high-quality wastewater not associated with
the FSWRS. 3 Polio is an illness of the central nervous system. The rest of the viruses
are generally associated with gastrointestinal and respiratory illnesses following oral
exposure to the appropriate organism. However, exposure to any viruses in recycled
FSWRS shower water would probably be dermal. This would minimize the potential
health risks. Further laboratory testing should be undertaken to determine if viruses
occur in recycled FSWRS water and what specific strains and concentrations may
warrant health risk concerns.

Theoretical Chemical Composition of Shower Wastewater

Detailed chemical analysis of FSWRS recycled shower water was not carried out
for this study. However, in evaluating the potential health risks associated with shower
water reuse, the theoretical occurrence of various contaminants must be considered.
The following sections will discuss the available published literature on shower
wastewater content, with particular emphasis on military-related experience or studies.
It should be noted that none of the individual chemicals discussed have been identified as
,eTally being either present or absent in shower water before or after FSWRS
rem,'trn ent.

W. D. Rurrows, S. A. Schaub, and R. W. Peterman.
W. ). Burrows, S. A. Schaub, and H. W. Peterman.

J1. L. Riggs and I). P. Smith, Viruses in Water and Reclained Wastewater, EPA-600/SI-p- 83 018 (U.S. Environmental Protection Agency, March 1984).
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SUBJECT: Shower Wastewater Recycling Research Project

TO: Donald K. Jamison, Project Director

I participated in the Shower Wastewater Recycling Project sponsored by the VMIRL
and the Department of Civil Engineering during the summer of 1985.

At no time during or since I stopped showering in the recycled water have I
experienced any skin irritation, rash or any other dermal problems that I would associate
with this project.

Signature

Figure 3. Bather affidavit.

0. Contaminants

Army field conditions do not restrict the types of cosmetic and health care
products a soldier uses. Work assignments and field activities also vary, so the types of
body soil and "occupational dirt" carried by soldiers differ. Thus, the theoretical
composition of shower wastewater is complex, and any single wastewater sample may
easily contain a broad spectrum of waste components. Table 4 shows a generalized
picture of shower wastewater. This profile integrates information from a USAMBRDL
list of the types of products present in shower water after a single use, with composition
data for various commercial personal hygiene products." Again, identification and
measurements of these specific compounds was not done for FSWRS waters.

The constituents listed in Table 4 can be placed into six categories of origin:

* Soaps, shampoos, and other toiletries used in the showering process

* Topically applied cosmetic and health care products, such as antiperspirants,

aftershave lotions, sun screen preparations, and insect repellents

* Shower cleaning products (not applicable to FSWRS)

* "Occupational dirt" and body soil

e Human epithelial cells, hair, bacteria, and viruses

* Accidental contaminants of human orgin (urine, feces, saliva, vomitus).

•I). R. Cogley, et al., Evaluation of Health Fffects Data on the Reuse of Shower and
I,aundrv Waters by Fieid Army Units, Walden Division of Abcor, U.S. Army Medical
Research and Development Command (USAMBRDL), Contract No. DAMD 17-78-C-
3 057 (USAMIIRDL, April 1979b).
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Table 4

Shower Wastewater Constituents

mg/L

Silica flour 100 - 210 The following compounds are

Sodium chloride 60 -180 present at <0.2 mg/L

Castor oil 20 - 130

isopropyl alcohol 18 - 105

Ethanol 15 - 85 Alumina

Kaolinite 20 - 50 Aluminum chloride

Oleic acid 16 - 50 Aluminum sulfate

Talc 41 Ammonium alum

Tallow 13 - 38 Beeswax
Stearic acid I1 - 31 Boric acid

Coconut oil 9 - 30 Cetyl alcohol

Castor oil, sulfonated (75%) 6 - 30 Corn starch

Ultrawet 60-L 5 - 25 Bentonite

Ammonium lauryl sulfate 5 - 25 Hexachlorophene

Sodium lauryl sulfate 5 - 22 Isopropyl myristate

Epithelium cells 18 Jamaican rum

N,N-diethyl-m-toluamide I - 15 Magnesium carbonate

Sodium dodecylbenzenesulfonate 3 - 13 Magnesium oxide

Sodium tripolyphosphate 5 - 11 Glycerol monostearate
olive oil, sulfonated (75%) 2 - 10 Methyl paraben

Tannic acid I - 8 Lanolin

Triethanolamide alkylbenzene Petrolatum
sulfonate (60%) 1 - 7 para-Aminobenyoic acid (PABA)

" Potassium oleate (20%) 1 - 6 Isopropyl palmitate

Kaolin, colloidal 5 Polyethylene sorbitan mono-

Lactic acid 5 stearate

" Triethanolamine 1 - 5 Saccharin sodium

Urea I - 3 Sodium-5-chloro-2-phenyl-phen-
Glycerol 1 - 3 olate

Potassium hydroxide 0.7 - 3 Sodium hydroxide

Zinc stearate 3 Sorbitol

Coconut diethanolamine (92) 0.5 - 3 Spermaceti
Hair 2 Sorbitan monostearate

Mineral oil 0.5 - 2 Stannous fluoride

Potassium 1.5 Veegum
Calcium carbonate 0.9 Zinc chloride
Aluminum hydroxide 0.9 Sodium stearate
Surhitol 0.7

Dicalcum phosphate 0.6

Sodium -ortho-phenylphenolate 0.6

- Sdium -4-chloro-w phenviphenolate 0.5
Sodium metaphosphate 0.4

\iuminum formate solution 0.4
% Propy ,ne glycol 0.3
% Voliatile' silcone 0.2

Tegacid 0.2

:\lurin chlorhydrate 0.2

Tween 80
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Ingredients from the first two categories predominate in shower wastewater (Table
4). Shower cleaning products would not be found in FSWRS shower wastewater, since this
system does not have to be cleaned. The latter two groups of waste constituents are
expected to be very minimal, and the occupational dirt contacted will vary with the type
of field activity. However, the main sources of potentially hazardous substances in
recycled shower water are likely to be from these two groups.

Most of the constituents listed in Table 4 are organic. Their general presence in
wastewater can be monitored by measuring total organic carbon (TOC). The TOC values
in the FSWRS-treated wastewater increase significantly in comparison to the source
water. However, TOC drops significantly with water treatment, which indicates that
FSWRS is efficient in removing organic compounds.

Shower wastewater also contains inorganic compounds. Their presence in FSWRS-
treated wastewater is reflected by measuring hardness and total dissolved solids.
Changes in these measurements during wastewater treatment also reflect the efficacy of
the FSWRS process. Available data indicate that many of these compounds are not
removed during FSWRS treatment, 6 but that the adverse health effects they would
cause would be negligible.

Table 57 compares the chemical composition of shower wastewater with that of
tapwater. The parameters for field shower wastewater and tapwater listed in the table
can serve as guidelines for evaluating the FSWRS water treatment process.

Water Treatment Chemicals

The chemical composition of shower wastewater is also affected by the chemicals
added during the recycle/reuse treatment phase. The following chemicals are added:

* Polymer Type I, a cationic coagulant (Cat-Floc produced by Calgon Corp.)

* Polymer Type II, an anionic coagulant (Hercofloc 1018 produced by Hercules,
Inc.)

e Sulfuric acid for pH adjustment

e Soda ash (anhydrous sodium carbonate) for pH adjustment

e Powdered activated carbon to absorb organic components

* Calcium hypochlorite for disinfection.

R..1. Sch,,, et ai., Full-Scale Test Program for a Shower Wastewater Recycling
. ~,'r , .,cbncl Evaluation.

K-.. Sh.ize. ,t al., Full-Scale Test Program for a Shower Wastewater Recvcling
..'~i 1 'chrcul Fvaluation.

. K. Wang, Characterization Studies of Wastewater Generated from Military Installa-
,,,n., (>ilspan Report No. N.I).-5296 M-1 (U.S. Army Mobility Equipment Research and
D- elpmont Center, August 1972).

-4



Table 5

Characteristics of Field Shower Wastewater and Related Tapwater
(From: U.S. Army Mobility Equipment Research and Development Center)

Parameter Chemical Analysis
(mg/L Except as noted) Shower Wastewater* Tap Water*

Turbidity, JTU 59.0 0.34
pl, unit 6.8 7.9
Total dissolved solids 175.0 135.0
Detergent 1.75 0.04
Total phosphate 35.0 20.0
Ortho phosphate 28.0 12.0
Poly phosphate 7.0 8.0
Sulphate 22.0 22.0
Silicate 55.0 36.0
Total hardness (CaC) 3) 18.0 12.0
Calcium hardness (CaCO 3 ) 16.0 12.0
Magnesium hardness (CaCO 3) 2.0 0.0
Total alkalinity 136.0 108.0
Chloride 10.0 10.0
BOD, 5-day 51.0 --

TOC** 15.0 --

*All parameters except TOC were analyzed on 2 August 1972.
**TOC of the shower wastewater was analyzed on 28 August 1972.

It is anticipated that exposure to these chemicals in the appropriate concentrations
will not adversely affect health. Both coagulant polymers are approved by the U.S.
Environmental Protection Agency for use in drinking water systems. Their formulations
and recommended doses do not result in residuals or contaminants of concern.

The use of sulfuric acid will add sulfate to the wastewater; however, the amounts
of sulfate do not approach unhealthful levels, so field operators need not monitor this
parameter. Similarly, use of soda ash will increase the carbonate content of the shower
wastewater; however, this parameter does -,ot require monitoring in the field because
increased hardness and resultant low sudsing will reflect any high carbonate
concentrations. Also, there is no information to indicate that dermal exposure to

*' sulfates or carbonates is hazardous.

Powdered activated carbon, along with anything adsorbed to those particles, is
removed from the FSWRS processed water by settling and diatomaceous earth
filtration. Monitoring of turbidity (frequency to be suggested by the field operating
procedures) will detect any breakdown of the settling and filtering process. Inadequate
elarification could result in increased skin irritation from carbon particles.

Calcium hypochlorite is manually added to the filtered water and allowed to react
for 30 minutes before the water is used. The amount of calcium hypochlorite required is

Sbased on field tests of residual chlorine. Testing ensures that chlorine levels are
maintained within the range that maximizes antimicrobial activity yet does not present a
human health hazard. Excessive chlorine in water tends to irritate both skin and eyes.
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FSWRS Purification Potential

The FSWRS treatment process consists of three phases:

a Coagulation and adsorption to powdered carbon followed by sedimentation

o Diatomaceous earth filtration

e Disinfection by chlorination.

Each phase contributes to the removal of several types of contaminants, as
described in the following sections.

4. Nonpolar Organic Compounds

Adsorption to powdered carbon is expected to remove nonpolar organics from the
shower wastewater. Particulate matter such as talc and kaolin, plus any substances
adsorbed to particulate surfaces would be removed, at least partially, with settlement of
the floe produced by the coagulant aids.

Polar Organic Compounds

Soluble polar organic compounds are removed during the coagulation/adsorp-
tion/sedimentation process. To provide an example for evaluation, Table 6 lists the
theoretical adsorption capability of activated carbon for potential polar organic shower
water constituents.

Treatment with activated carbon only partially removes these compounds from
shower wastewater. They are therefore the most likely type of shower wastewater
constituents to remain and are good candidates for further study about health effects of
FSWRS use.

[norganic Compounds

Soluble inorganic compounds tend not to be completely removed during treatment.
However, concentrations do seem to plateau with late cycles, which may represent
solubility limits for selected inorganics. There is also a practical limit on the
concentration of many ions in recycled shower water; as hardness increases, suds
formation is reduced. Recycled water that will not form suds is unsuitable for shower
use.

No significant health ris. from most of the inorganics found in the recycled shower
water s anticipated. Phosphates, sulfates, carbonates, calcium, magnesium, and others
have rot been shown to cause skin irritation. The only anticipated risks would be due to
heavy metals, and these are unlikely to occur. Nickel was listed in Tab'e 3 as causing
dermal sensitization. However, nickel accumulation can probably be avoided as long as
standard Army fabric tanks and hoses are used in the FSWRS rather than stainless steel
equipment.
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Table 6

Theoretical Adsorption of Activated Carbon

Shower Water Amount
Constituent Adsorbed (M)

Ethanol 10
Glycerol 25
Isopropyl alcohol 40
Lactic acid 60
Potassium oleate 80
Propylene glycol 35
Sorbitol 75
Triethanolamine 70
Urea 5

Suspended Solids and Infectious Microorganisms

Suspended particulates and substances adsorbed to their surfaces would be removed
by diatomaceous earth filtration. 8 Bacteria, viruses, protozoan cysts, parasitic eggs
and larvae would also be partially removed in this process. " It is likely that any
infectious microorganisms remaining in the shower wastewater after diatomaceous earth
filtration would be killed by chlorine disinfection.

The antimicrobial efficacy of chlorination depends on the concentration and form
of chlorine used, contact time, and pH. Studies indicate that the hypochlorous ion is the
most effective disinfectant in shower wastewater treatment, and that the hypochlorite
ion is the next most effective. 2 -

Unfortunately, chlorination can also chemically modify the polar organics remain-
ing in the treated water.- The concentrations of some of the chlorinated compounds,
where formation is related to individual reaction kinetics, the hypochlorite ion, and
precursor concentrations,-: may pose a risk to health. These compounds are discussed in
the following section.

Chlorination Byproducts

Table 7 gives expected chlorination reaction products for ethanol, isopropyl
alcohol, urea, lactic acid, triethanolamine, and propylene glycol. Of these compounds,

'D. R. Cogley, ct al., "Evaluation of Health Effects Data on the Reuse of Shower and
Laundry Water by Field Army Units," Proc. Water Reuse Symposium, Vol 3 (1979), pp
2252-2268.
')rinking Water and Health (National Academy of Sciences, 1977); J. I). Gensler,
Interim Water Quality Criteria for Shower and Laundry Reuse/Recycle, DASG-PSP-E
(()TSG, 30 October 1980).
J. 1). (;ensler.
D. R. Cogley, et al., "Evaluation of Health Effects Data on the Reuse of Shower and
Laundry Water by Field Army Units."
D. R. Cogley, et al., "Evaluation of Health Effects Data on the Reuse of Shower and
Laundry Water by Field Army Units."
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Table 7

Chemicals Formed by Chlorination

Precursor Chlorinated Byproduct

Ethanol C I-CH2 -CH 2 -OH
2-chloroe thanol
(ethylene chlorohydrin)

Isopropyl alcohol Cl- CH 2 -CH-CH 3

OH
1-chloro-isopropyl alcohol

o 0

Urea CI-HN-C-NH, C 2 -N-C-NH 2
mono and di-N-chloroam ides

0

Lactic acid CH 3 -CH-C
Cl

OH
acid chloride

0

C1-CH2 -CH-C
OH

OH

chloro acid

CH 2 CH 2OH

Triethanolamine C I-N-CH 2 CH2 diethanolchloroamine

Propylene glycol Cl-CH2 -CH-CH 2

OH OH
3-chloro propylene glycol

.J2
a.
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only the 2-chloroethanol (ethylene chlorohydrin) appears to be a possible health hazard.
The health concerns associated with 2-chloroethanol are:

. High inhalation toxicity (2 ppm per 1 hour was fatal to rats 23 )

9 * Rapid skin adsorption from water solution 24

@ Severe skin and eye irritant jpon exposure 2"

* Mutagen and possible carcinogen. 26

Accordingly, even trace amounts of 2-chloroethanol may present a serious health
hazard.

Given a precursor concentration of 100 ppm, an estimated maximum of 25 ppm 2-
chloroethanol can be produced. 2 ' Actual concentrations of 2-chloroethanol would be
limited by chlorine concentration. The estimated concentration of ethanol in shower
wastewater is 15 to 85 ppm.26

To determine the potential accumulation of chlorinated hydrocarbons during the
continuous recycling of treated and chlorinated shower water, USAMBRDL analyzed
various samples by gas chromatography and mass spectroscopy (GC/MS).

Results indicated that estimated concentrations of individual trace organics ranged
from <0.1 ppb to 10 ppb, with most below 1 ppb. The total trace organic content of the
treated waters appeared to decrease with the increasing number of treatment cycles

-~ -,given each batch: cycle 1 was equivalent to source water, cycle 4 somewhat cleaner, and
cycles ? and 11 were cleaner still. The results indicated that actual use of the FSWRS
poses little if any health risk from chlorination byproducts created during disinfection.
Appendix D presents the USAMBRDL findings.

'D. R. Cogley, et al., "Evaluation of Health Effects Data on the Reuse of Shower and
Laundry Water by Field Army Units."

.."D. R. Cogley, et al., "Evaluation of Health Effects Data on the Reuse of Shower and
Laundry Water by Field Army Units."

-National Institute of Occupational Safety and Health, Registr, of Toxic Effects of
Chemical Substances (U.S. Department of Health and Human Services, July 1985).

lRegistry of Toxic Effects of Chemical Substances.
?D. R. Cogley, et al., "Evaluation of Health Effects Data on the Reuse of Shower and
Laundry Water by Field Army Units."

'D. R. Cogley, et al., "Evaluation of Health Effects Data on the Reuse of Shower and
Laundry Water by Field Army Units."
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5 CONCLUSIONS AND RECOMMENDATIONS

The FSWRS is made up of hardware components already in the Army supply system,
is easy to deploy, and should be capable of being operated by properly trained enlisted
Bath Specialists (MOS 57E).

A 40-hour training course would be sufficient to properly train a Bath Specialist to
become a capable FSWRS operator.

Only one Bath Specialist is required to operate a FSWRS; with more experience in
FSWRS operations, an operator may also have time to perform other duties.

Relatively unsophisticated water sampling and water quality testing equipment can
be used to control the wastewater treatment process. Testing can be limited to
measurement of pH, turbidity, and residual chlorine.

Safety procedures must be observed to avoid personal injury when handling sulfuric
acid and to avoid extended dermal contact with or ingestion of shower wastewater.

No health hazard is anticipated to result from the use of soaps, shampoos, body oils
and water treatment chemicals during FSWRS operations. Chemicals identified as
contaminants of potential concern if they remain in treated water include volatile

" organic compounds, viruses, soluble polar organic compounds, heavy metals, chlorinated
components, and chlorination byproducts.

The primary source of potentially hazardous substances in recycled shower waters
is anticipated to be body soil and/or excretions.

The most likely anticipated type of adverse health effect to occur using recycled
FSWRS shower water would be dermal or eye irritations. However, for adverse effects
to occur, chemicals causing these irritations would have to persist in greater than
threshold concentrations after FSWRS treatment.

No adverse health effects of any kind were experienced by shower bathers during
and after testing of FSWRS operations. VOC concentrations are successively reduced
with each recycle to below source levels and do not tend to remain in FSWRS recycled
water.

The short-term and limited duration of exposure to recycled shower water by
bathers in a Theater of Operations situation should minimize health risks from FSWRS
use.

The quality of recycled water achieved with a FSWRS unit is consistent, and is
anticipated to be superior or at least equal to any untreated surface waters available for
bathing in the Theater of Operations.

The U.S. Army Training and Doctrine Command (TRADOC) should review the
adequacy of the Task and Skill Analysis Report and the suggested Program of Instruction
for a FSWRS operator.

A full-scale field testing of a FSWRS should be conducted that includes analysis of
the persistence and/or occurrence of dermally irritating compounds, identified in pre-
vious military literature as occurring in recycled shower water. More comprehensive
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evaluation should also be performed for chemical and microbiological contaminants at
both laboratory scale and field testing.
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METRIC CONVERSION FACTORS

I gal = 3.785 l,

1 lb - 0.4535 kg

1 cu ft - 0.0283 m3

1 in. 25.4 mm

1 ft 0.3048 m

1 psi = 6.985 kPa

A

4111

-. --.-



APPENDIX A:

PROGRAM OF INSTRUCTION FOR OPERATION AND OPERATOR
MAINTENANCE OF A FIELD SHOWER WASTEWATER
RECYCLING SYSTEM

SECTION 1. PREFACE

A. Course: Operation and Operator Maintenance of a Field Shower Wastewater
Recycling System (FSWRS) - Proposed.

H. Purpose: To provide enlisted personnel with the required knowledge and
skills to deploy and operate the FSWRS, and to perform Operator
Maintenance.

C. Prerequisite: Assignment as instructor or operator of a field bath unit.

I). Length: Peacetime--5 days.

E. Training
, Location To be determined.

F. MOS Feeder
Pattern: Prerequisite MOS MOS trained in this course.

Operator 57E Same as prerequisite.

G. Ammunition
Requirement: No ammunition required.

SECTION 1I. SUMMARY

Course: Operation and Operator Maintenance of a Field Shower Wast,,vater
Recycling System (FSW RS)--Proposed.

Hours: 40

Hours Annex
A. Academic

Subjects: Operation and Operator Maintenance 40 A

13. Nonacademic
Subjects: Not applicable.

C. Recapitulation:

Type of instruction:
Conference 11
lead-Through Practical Exercise 25
Examinations 4
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SECTION I11. BODY

Course: Operation and Operator Maintenance of a Field Shower Wastewater
Recycling System (FSW RS)--Proposed.

Academic Subjects: 40 hours

.A Annex Title and Subjects Hours Annex

Operation and Operator Maintenance A

Introduction to Course, Operation, and
Operator Maintenance 2 A

Deployment of FSWRS 3 A

Operation and Maintenance of FSWRS 29 A

Disassembly and Stowing of FSWRS 2 A

Performance and Written Examination 4 A

4,. Total Annex: 40

SECTION IV. ANNEXES

Annex A: Operation and Operator Maintenance

Purpose: To provide the student with the required course objectives, performance standards,
publication references, equipment and component descriptions to operate and main-
tain the FSWRS at the Operator level.

-- File No. Classification Type of Instruction

" . FSWRS-A-010-010 Introduction to Opera-
tion and Operator

Maintenance

Hours: 2 U 2C

)bjective: In a training environment, given course material referenced technical manual, and
the FSWRS, the student will:

(a) Identify referenced publications and state their applications in this lesson.

(h) State the purpose, capabilities, features, and technical principles of operation.

(c) Identify the components and their function and location in the system.

(d) Relate the components of the FSWRS to the technical manual reference.

Completion of tasks will be verified by an instructor as specified in technical
*f manual reference.II' Z,r w'e,,: Tehnicval Manual on FSW RS.

: i nclasif ipd: " = conferenee.
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File No. Classification Type of Instruction

FSWRS-A-010-020 Deployment of FSWRS.

Hours: 3 U IC, 2 LTPE

Objective: At a field operating site, given a disassembled but otherwise fully operable
FSWRS, the necessary tools and materials, technical manual, and a student
workbook, the student will:

(a) Assemble the FSWRS.

(b) Identify the components of the system.

(c) Identify key features of each component.

(d) Perform preventive maintenance checks and services on the FSWRS.

References: Technical Manual; Student Workbook.

Note: U unclassified; C conference; LTPE lead-through practical exercise.

File No. Classification Type of Instruction

FSWRS-A-010-030 Operation and Maintenance
of the FWRS

Hours: 29 U 8C, 21 LTPE

Objective: At a field operating site, given a fully assembled and operational FSWRS
and Technical Manual, the student will:

(a) Perform preventive maintenance checks and services on the FSWRS.

(b) Operate the FSWRS.

(c) Perform water sampling and testing procedures.

(d) Perform troubleshooting on the FSWRS.

(e) Perform the FSWRS diagnostic program.

(f) Perform operator maintenance on the FSWRS.

Performance and completion of tasks will be verified by an instructor.

Reforences: Technical Manual; Student Workbook.

* Note: U unclassified; C conference; LTPE lead-through practical exercise.
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i tile No. Classification Type of Instruction

FSWRS-A-010-040 Disassembly and Stowing
of FSWRS

Hours: 2 U 2 LTPE

( O cjctive: At a field training site, given an assembled FSWRS, the student will:

(a) Disassemble and prepare the FSWRS for movement to another
operating location.

(b) Prepare the FSWRS for storage.

Performance and completion of tasks will be verified by an instructor as
specified in the Technical Manual.

References: Technical Manual; Student Workbook.

Note: U -unclassified; LTPE lead-through practical exercise.

File No. Classification Type of Instruction

FSWRS-A-010-050 Performance
and Written

Examinations

Hours: 4 U4 El

Objective: In a training environment, given a fully assembled and operational FSWRS,
[he student will:

(a) Identify key features of the technical manual and the features'
application.

(b) Demonstrate knowledge of the purpose, capabilities and features of
the FSWRS.

(c) Demonstrate knowledge of technical principles of operation.

(d) Identify components and their location on the FSWRS and in the
m a n l.

(e) Perform preventive maintenance checks and service tasks and
procedures.

(f) Conduct one complote treatment cycle using the FSWRS.

The student will demonstrate knowledge and perform the above tasks with-
out error in accordance with Technical Manual. The student's performance
will he evaluated by an instructor using the references listed below.

References: Technical Manual; Written Instructions.

Note: U 2 unclassified; El examination.

37

64



S

APPENDIX B:

TASK AND SKILL ANALYSIS--FIELD SHOWER WASTEWATER
RECYCLING SYSTEM

SECTION 1: SYSTEM/EQUIPMENT

A. Oeration and Maintenance Concept

1. Operation: The Field Shower Wastewater Recycling System (FSWRS) will be
operated by bath teams in semiarid regions or other areas where natural water sources
are scarce. By collecting, treating, and recycling the wastewater from the field bath
units, the FSWRS will greatly reduce the amount of fresh water that will have to be
carried by truck to bath unit locations.

2. Maintenance: All FSWRS components are already in the Army inventory within
various water treatment and distribution systems. Thus, no new or different
maintenance procedures or concepts will be required to support fielding of the system.

B. General System/Equipment Description

The FSWRS consists of a wastewater collection tank, wastewater transfer pump,
wastewater treatment tanks (two each), diatomite filter units (two each), generator set,
shower water storage tank, miscellaneous hoses, valves, and fittings (Figure 1). The
function of each major component is discussed below.

1. Wastewater Collection Tank: Receives and stores wastewater discharged by the

Field Bath Units.

2. Wastewater Transfer Pump: Transfers wastewater from the wastewater

collection tank to the wastewater treatment tank and recirculates it through the
treatment tank during the coagulation process.

3. Wastewater Treatment Tank: Serves as a recirculation and storage vessel
during the coagulation and sedimentation processes.

4. [)iatomite Filter Unit: Filters the treated wastewater and transfers it from the
treatment tank to the shower water holding tank.

5. Generator Set: Provides electric power to the filter unit.

6. Shower Water Storage Tank: Receives and stores fresh water obtained from a
field water point and recycled wastewater for use by field bath units.

'1 0IC'. (Government Furnished Equipment (GFE)

1. Tank, bladder, 500-gal water LIN* NA, I each.

2. Pump, centrifugal, GED, 125-gpm, LIN P92030, 1 each.

3. Filter assembly, diatomite, 420-gph, LIN NA, 2 each.

*IIN Line Item Number.
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4. Tank, fabric, collapsible, 1500-gal water, LIN V14881, 3 each.

5. Hose assembly, 1 in. - I IY NPSII*, 10 ft, 7 each.

6. Hose assembly, rubber water, braided, I -in., 1I 1 NPSH, 10 ft, 4 each.

7. Hose assembly, rubber water, braided, 141-in.,112 NPSH, 10 ft, 2 each.

3. Hose, textile fiber, rubber-lined, 300 psi, I in., 11 T NPSIt, 25 ft, I each.

9. Valve, plug, three-way selector, I I in, NPT*I', 1 each.

10. Valve, flow control, orifice-type, 3/4 inch-14 NPT, 8 gpm, 2 each.

11. Nipple, pipe: brass, l-in.-diameter, 2 in. long, 2 each.

12. Tee, pipe: brass, 1 -in., I each.

13. Nipple, pipe: brass, I T-in.-diameter, 2,f in. long, 2 each.

14. Valve, gate: bronze, I T in. 11 NPT, 2 each.

15. Adapter, straight, pipe to hose: 1 Y in., 11 2 NPT ext., 1 T inch 11 f NPSH,
2 each.

16. Float, ball-type: plastic, 8-in. diameter, 3 each.

17. Generator, 3-KW, 60-Hz, military standard, 1 each.

*NPSHf National Pipe Straight Hose.
*NPT National Pipe Threads.

.. . . . . . . .
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SECTION 11: JOB TASK ANALYSIS SUMMARY

PERSONNEL PLANNiNG DATA

Task frequencies listed herein are predicted values of task occurrence per mission
* - based on an assumed mission length of 10 days anid an operating schedule of 20 hours per

day (one operator per shift three shifts per day). Table B1 is an example of personnel
planning data.

Total man-minutes identified in the task schedule include productive time per task
A. only; nonproductive time (i.e., time spent waiting for mixing, sedimentation, etc.) is not

included.

SECTION III: TRAINING ANALYSIS SUMMARY

COURSE TITLE: FIELD SHOWER WASTEWATER RECYCLING SYSTEM
OPERATOR COURSE

COURSE OBJECTIVE:

To train laundry and bath specialists (MOS 57E) to perform the following tasks at a
field operating site:

a. Install the Field Shower Wastewater Recycling System (FSWRS) to a fully
operational condition in not more than 1 hour.

b. Operate the FSWRS to renovate wastewater from field bath unit(s) such that the
renovated water can be continuously recycled by the field unit(s).

c. Disassemble and stow the FSWRS in accordance with TM __

d. Additional details are in the Job Task Analysis Summary (Table B32) and the Job

- Data Worksheet (Table 133).

40
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LESSON TITLE

FIELD SHOWER WASTEWATER RECYCLING SYSTEM INSTALLATION

TERMINAL OBJECTIVE

1.2 At a field operating site, given a disassembled but otherwise fully operable Field
Shower Wastewater Recycling System (FSWRS), install the FSWRS to a fully operational
condition in accordance with TI ---- with the assistance of one additional soldier, within
I hour.

Enabling Objectives Skills and KnowIedge

1.1.1 Clear operating site

1.1.2 Level equipment positions

1.1.3 Excavate disposal sump

1.2. 1 Install the wastewater 1. Follow written instructions.
collection tank in 2. Interpret mechanical
accordance with TM .... drawings

3. Use common handtools.
4. Identify wastewater

collection tank inlet and
shower water discharge
hose.

5. Assemble threaded plumbing
connections.

1.2.2 Install wastewater I. Follow written instructions
transfer pump. 2. Interpret mechanical

drawings.
3. Use common handtools.
4. Identify all components

of wastewater pumps.
5. Identify pump connections.

1.2.3 Install the wastewater 1. Follow written instructions.

treatment tanks in 2. Interpret mechanical

accordance with TM ---. drawings.
3. Use common handtools.
4. Identify all components

of collapsible fabric
water tanks.

5. Identify common plumbing
connections.
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1.2.4 Instali the filter units 1. Follow written instructions.

in accordance with 2. Interpret mechanical

TM ---. drawings.
3. Use common handtools.
4 Identify all components

of the filter unit.
5. Identify common plumbing

items.
6. Assemble threaded plumbing

connections.

1.2.5 Install the shower water 1. Follow written instructions.

holding tank, in accord- 2. Interpret mechanical

ance with TM . drawings.
3. Use common handtools.
4. Identify all components

of collapsible fabric
water tanks.

5. Assemble threaded plumbing

connections.

Q15
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LESSON TITLE

FIELD SHOWER WASTEWATER RECYCLING SYSTEM OPERATION

TERMINAL OBJECTIVE

1.3 At a field operating site, given a fully assembled and operational Field Shower
Wastewater Recycling System (FSWRS) and TM , operate the FSWRS in accordance
with Chapter of the TM to renovate wastewater from field bath unit(s) such that the
renovated water can be continuously recycled by the field bath unit(s).

Enabling Objectives Skills and Knowledge

1.3.1 Transfer wastewater 1. Follow written instructions.
from collection 2. Use common handtools to
tank to treatment make necessary hose
tanks. connections.

3. Operate gasoline-engine-
driven pump.

4. Perform preventive
maintenance checks and
services on gasoline-
engine-driven pump.

1.3.2 Chemically treat the 1. Follow written instructions.
wastewater in accord- 2. Measure pH of water
ance with TM . samples.

3. Measure liquid and dry
chemicals.

4. Adjust the pH of water to
desired levels.

5. Operate gas-engine-driven
pumps.

6. Operate three-way and gate
valves.

7. Operate mechanical,
electric, or electronic
timers.

1.3.3 Filter the treated water 1. Follow written instructions.
in accordance with 2. Operate gas-engine-driven
TM . generator sets.

3. Operate mechanical,
electric or electronic
timers.

4. Measure turbidity of watr
samples using bulls-eye
turbidi meter.
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1.3.4 Chemically treat the 1. Follow written instructions.
filtered water in 2. Measure pH of water
accordance with samples.
TM 3. Adjust the pH of water to

desired levels.
4. Measure dry chemicals.
5. Calculate quantity of

calcium hypochlorite
required for disinfection.

6. Measure free residual
chlorine concentration of
water samples.

LESSON TITLE

FIELD SHOWER WASTEWATER RECYCLING SYSTEM
PREPARATION FOR MOVEMENT

TERMINAL OBJECTIVE

1.4 At a field operating site, given an assembled Field Shower Wastewater Recycling
-* System (FSWRS), disassemble and stow the FSWRS in accordance with para , TM .

Enabling Objectives Skills and Knowledge

1.4. Disassemble the Field 1. Follow written instructions.
Shower Wastewater 2. Interpret mechanical

Recycling System (FSWRS) drawings.
in accordance with 3. Use common handtools.
TM 4. Identify all components of

the FSWRS.

1.4.2 Stow the Field Shower 1. Follow written instructions.
Wastewater Recycling 2. Interpret mechanical
System (FSWRS) in drawings.
accordance with 3. Identify all components of
TM . the FSW RS.

ft.
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SECTION IV: MANPOWER SUMMARY

A. Installation

The FSWRS can be installed in 1 hour by two persons (one MOS 57E10 with one
helper, and one MOS nonspecific).

B. Operation

A All operator tasks for the FSWRS can be performed by one operator (MOS 57E10).
An operating crew of three (MOS 57E10) would be required for a 20-hour-per-day
operating schedule. The FSWRS operators would be supervised by the Bath Team
Supervisor.

C. Maintenance

All FSWRS components are currently in the Army inventory within various other
systems. Maintenance requirements for these components are already established and
therefore were not included in this report.

9,,
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TASK LIST

1.1 SITE PREPARATION

1.1.1 Clear Operating Site

1.1.2 Level Equipment Positions

1.1.3 Excavate Disposal Sump

1.2 INSTALLATION

1.2.1 Install Wastewater Collection Tank

1.2.2 Install Wastewater Transfer Pump

1.2.3 Install Wastewater Treatment Tanks

1.2.4 Install Filter Units

1.2.5 Install Bath Water Storage Tank

1.2.6 Install Bath Unit Pump

1.2.7 Install Generator

1.3 OPERATION

1.3.1 Transfer Wastewater

1.3.2 Chemically Treat Wastewater

1.3.3 Filter Treated Water (and Check Turbidity)

1. 3.4 Chemically Treat Filtered Water (pH, Chlorination)

1.3.5 Dispose of Accumulated Sludge

1.4 PREPARATION FOR MOVEMENT

1.4.1 D~isassemble Field Shower Wastewater Revn( S w'

1.4.2 Stow Field Shower Wastewater Recycling System

6.3



APPENDIX C:

EXCERPT FROM TABLE OF ORGANIZATION AND EQUIPMENT CLOTHING

EXCHANGE AND BATH SERVICE TEAM (TOE 10520H5FF)
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APPENDIX D:

USAMBRDL MEMORANDUM: GC/MS ANALYSES OF WATER SAMPLES
FROM V. J. CICCONE ASSOCIATESIVIRGINIA MILITARY INSTITUTE
RESEARCH LABORATORY SHOWER WATER RECYCLING TESTS

August 20, 1985

MEMORANDUM FOR DR. WINIFRED CURLEY

... SUBJECT: GC/MS Analyses of Water Samples from VJCA/VMIRL Shower Water
Recycling Tests

Background

Reference: Letter from CDR., USAMBRDL, to Dr. Ed Smith, U.S. Army Construe-
tion Engineering Research Laboratory (CERL-EN), dated 23 Jun 85.

*Summary of Results

Two batches of samples were received: batch one consisted of 8 recycles, batch
two of 11 recycles. Samples were collected at three stages in each recycle: (1) shower

S... effluent, untreated, (2) treated and filtered water, before chlorination, (3) treated and
filtered water, after chlorination.

For batch one, each of the three samples collected at recycle 1, recycle 4, and
recycle 8 were analyzed and the results compared with those of the source water. The
major organics found in the source water were phthalates, in addition to traces of
heptadeconoic acid and higher fatty acids. The three untreated shower effluents were all
similar and showed a heavy burden of fatty acids (mainly even-numbered) ranging from
C 8 to C 18 , and hydrocarbons. In contrast, the treated water samples were very clean
and very similar in trace organic content to the source water. Concentrations of
individual trace organics were estimated to range from <0.1 ppb to 10 ppb, with the
majority below 1 ppb. No new trace organics were found in the treated water samples
after ckiorination. The only chlorine-containing compounds found in any of the samples
were shown to be impurities present in the chloroform used for liquid/liquid extraction of

A. the trace organics. The total trace organic content of the treated waters appeared to
decrease with increasing number of recycles: recycle 1 was equivalent to source water,
recycle 4 was somewhat cleaner, and recycle 8 was cleaner still.

In view of these results, only two rather than three sets of samples--those from
recycle 3 and recycle l -- were analyzed from batch two. A very similar pattern was
observed. No new trace organics were found in the treated water samples after
chlorination, and the total trace organic content appeared to decrease between recycle 3

and recycle 11.

g~h 65
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Experimental Results

,C/MS analyses were performed in electron impact (El) mode at 70 eV with a

iHewlett Packard 5985B-RTE VI system (database of 70,000 mass spectra) having a 25-m,
fused silica, DB-5 capillary column interfaced directly to the source. Source

temperature was 2000C, and the column was programmed from 1000 to 250 0 C at
- 20 0C/minute with an initial hold of 2 minutes and a total run time of 15 minutes. Under

" Jese eonditions, retention times observed for octanoic and octadecanoic acids were 3.5
mirnutes and 9.8 minutes, respectively.

The untreated shower effluent samples were allowed to settle, and 10 mL of each
s..oernatant were removed by pipette, transferred to a beaker, and stirred to saturation

. with sodium chloride. The solution was then extracted with two 2-mL portions of
chloroform, and the dried (magnesium sulfate) extracts were rotary-evaporated below
,rom temperature just long enough to remove the chloroform. The residue was

reconstituted in 100 - L of acetone and I L, was injected for analysis. The procedures
for source water and the treated water samples were similar except that for the treated
water, a 20 mL-portion was used, and the residue after evaporation of chloroform was

" - reconstituted in 2 - L of acetone and the whole injected.

Initially, solid phase extraction (SPE) was evaluated as a possible alternative to the
classic liquid/liquid extraction (L/LE) of the trace organics. The results in both cases
were very similar, but SPE proved less attractive due to the long periods of time (> 1 hr)

required for -omplete removal of water from the extraction column. Chloroform was
chosen for L/LE because it contained fewer volatile impurities than did the available
methylene chloride.

*( Conclusion

These determinations have shown that the treatment process yielded water with a
trace organic content very similar to that of source water. No new trace organics were
found in the treated water samples before or after chlorination, and the total trace

organic content appeared to decrease with increasing number of recycles. It should be
emphasized that the observed "cleanness" of the treated samples by GC/MS relates only

- to content of volatile trace organics.

Elizabeth P. Burrows, PhD.
Research Chemist

C ':
Dr. Ed Smith, U.S. Army Construction Engineering Research Laboratory
Champaign, 1I,

[)r. Stephen Schaub, US\MBRI)L

,.
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,IST OF A1BREVIATIONS

\rrm\ Regulation

N.N diethvl p-phenylenediamine

l';e!W laundry Wastewater Recycling System

"A" i'eld Shower Wastewater Recycling System

4 ~ 4il lonf

0 M,,is chr'omatography/mass spectroscopy

r in Ili liter

I()S Military Occupational Specialty

NBC Nuclear, Biological, and Chemical

NTU Nephelometric Turbidity Unit

OTSG Office of the Surgeon General

PAC Powdered Activated Carbon

Pot Program of Instruction

ROWPU Reverse Osmosis Water Purification Unit

TRAr)OC Training and Doctrine Command

* USA-CERL U.S. Army Construction Engineering Research Laborato,'y

VMI Virginia Military Institute

VOC Volatile Organic Compound

WQAS Water Quality Analysis Set

WRNI AG Water Resource Management Action Group
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